Strikingly, we find that Acj6 is expressed in a lineagedures for details). We found no significant change in cell numbers in acj6 Ϫ/Ϫ adNb or lNb clones (neuroblast specific fashion in GH146-positive PNs. It is highly expressed in all adPNs at all developmental stages examclones of adPN and lPN lineage, respectively) compared to wild-type clones (data not shown); thus, Acj6 is not ined, but not expressed in lPNs with the exception of two neurons ( Figure 1C and data not shown). These two required for proliferation or survival of PNs. In addition, lPNs are absent in clones induced by early larval heat mutant neurons retained dendritic innervation of the anshock (data not shown), so they are either embryonically tennal lobe and axonal projections to the mushroom born or belong to a different neuroblast lineage. Therebody and lateral horn (see below), so they still acquired fore, these two neurons are excluded from our genetic the broad fate of PNs. We then focused on the dendritic analysis (see above). Notably, we found some Acj6-positargeting specificity of mutant adPNs in the antennal tive/GH146-negative neurons next to the GH146-posilobe. tive adPNs and lPNs ( Figure 1C) ; we do not know acj6 Ϫ/Ϫ adNb clones exhibited significant dendritic whether these cells are GH146 negative PNs or other targeting defects. First, we found non-specific accumuneurons such as local interneurons. lation of dendrites (accounting for perhaps a quarter of the total dendritic mass) spanning a portion of the dorsal side of the antennal lobe ( Figure 2B, arrow) ; furthermore, Acj6 Is Required for Proper Dendritic the organization of the glomeruli in this region, as visualTargeting of adPNs ized by nc82 staining, is disrupted. Second, outside of Since Acj6 is expressed in adPNs but not in lPNs, we the dorsal area where nonspecific dendritic accumulahypothesized that Acj6 may contribute to the lineagetion was observed, no specific mistargeting to lateral specific connectivity of adPNs. To test this hypothesis, landmark glomeruli or non-landmark glomeruli was dewe studied the consequences of removing Acj6 activity tected ( Figure 2B and data not shown). Third and most exclusively from adPNs using the MARCM system (Lee notably, acj6 Ϫ/Ϫ adNb clones innervate significantly and Luo, 1999). In this strategy, we generated neuroblast fewer dorsal landmark glomeruli. We focused our analy-(Nb) or single-cell clones that are both labeled with memsis on 8 landmark glomeruli whose organization as visubrane-targeted mCD8-GFP and homozygous for an acj6 alized by nc82 staining remained largely unaffected: null mutation (acj6
6
) in an unlabeled heterozygous background (Figures 2A and 2E Figure 1B ). For instance, VM2 and VM7 are next to each consistent with the observation that Acj6 protein is not other and are at a similar distance from adPN cell bodies, detected in neuroblasts or ganglion mother cells. but in acj6 Ϫ/Ϫ adNb clones, VM2 is one of the most affected glomeruli while VM7 is least affected. Thus,
Misexpression of Acj6 in lPNs Causes these phenotypes do not simply reflect a defect in gen-
Dendritic Mistargeting eral dendritic growth and elaboration; rather, they sug-
The expression pattern and loss-of-function phenogest a defect in specific targeting.
types of acj6 suggest a role in specifying the dendritic To understand this phenotype at higher resolution, targeting patterns of adPNs. We might therefore expect we analyzed the dendritic projection pattern of singlethat misexpression of Acj6 in lPNs that normally do not cell clones ( Figure 2E ), which specifically innervate the express Acj6 could affect their dendritic targeting speci-DL1 glomerulus in wild-type ( Figure 2G ). This particular ficity. To test this, we used MARCM to misexpress a class was chosen for analysis since adPN single-cell
UAS-Acj6 transgene only in labeled lNb clones (Figure clones induced by early larval heat shock (0-36 hr) invari-3A). Transgene expression was confirmed by immunoably innervate DL1 (Jefferis et al., 2001). This is currently staining for Acj6 (data not shown). the only PN class we can identify independent of its
The dendrites of lPNs misexpressing UAS-Acj6(1,4) dendritic pattern in the antennal lobe, which is of course showed three phenotypes: reduced innervation of apessential for studying mutants that could affect dendritic propriate glomeruli, non-specific accumulation and spetargeting specificity. Ϫ/Ϫ adPN single-cell clones had diffuse dendrites, 3B and 3C; quantified in 3D). While this mistargeting which did not target one specific glomerulus, making it often leads to only partial occupation of these inapprodifficult for us to identify the original glomerular classes priate glomeruli, it is rather specific, since we frequently of these clones in majority of the cases (e.g., see Figure observe a glomerulus with mistargeted dendrites sur-2I). Figure 2J shows one of the least affected clones, rounded by uninnervated glomeruli. For instance, VA2 a PN which partially innervates VM7 and has diffuse is always mistargeted whereas its two neighbors VA3 dendrites outside this glomerulus. Interestingly, VM7 and VM2 are rarely mistargeted ( Figure 3D , see also targeting defects were not detected in our neuroblast Figures 3B 2 and 3B 3 ). This apparent specificity argues clone analysis ( Figure 2K ), which is likely to have a lower against the possibility that mistargeting is simply a ranresolution in detecting phenotypes. dom dendritic spillover. These data demonstrate that Acj6 is required for These results indicate that misexpression of Acj6 in proper dendritic targeting of a large subset of adPNs, lPNs compromises the specificity of their dendritic tarperhaps even all. As expected from the lack of Acj6 geting and suggest that at least some lPNs acquire charexpression in lPNs, no dendritic targeting defects were acteristics of adPNs. detected in lNb clones (data not shown).
Drifter Is Expressed in lPNs but Not in adPNs Post-Mitotic Expression of an acj6 Transgene
Since Acj6 is expressed only in adPNs, one of the two Rescues Dendritic Targeting Phenotypes major GH146-positive PN lineages, we suspected that of acj6 Ϫ/Ϫ Clones there was another factor(s) with analogous functions in To confirm that the dendritic targeting phenotypes were specifically due to loss of acj6 activity, we carried out lPNs, the other major PN lineage. We tested a second Figure 7E ). In acj6 Ϫ/Ϫ clones, the dorsal branch was always either completely missing mitotic PNs. We extended the analysis of axon branching patterns or significantly shorter than wild-type ( Figure 7F, n ϭ 6) .
beyond DL1 single-cell clones with two additional expera higher resolution, each of the 11 clones showed significant phenotypes. Results from single-cell clone analyiments. First, we examined single-cell clones generated in late larval stages and found that axons of all acj6 Ϫ/Ϫ sis of other PN classes support the generality of the DL1 phenotype-failure to innervate one specific glomPNs follow the correct axonal tract leaving the antennal lobe and extended to the mushroom body and the lateral erulus. Third, misexpression of Acj6 in lPNs, or Dfr in adPNs, horn; Acj6 therefore does not play a role in general axon growth and guidance. The dendritic targeting defects leads to dendritic targeting defects. In the case of Acj6 misexpression in lPNs, where the phenotypes are (see Figures 2I and 2J) prevented us from identifying the glomerular class for a given single-cell clone and stronger (possibly due to a higher ratio of transgene to endogenous Acj6 expression than could be observed thus from performing detailed analysis of their axon terminal arborization. In a second experiment, we found for Dfr transgene/endogenous Dfr; data not shown), there are two qualitatively different mistargeting phenothat acj6 Ϫ/Ϫ adNb clones had a significantly smaller axonal innervation area than wild-type, leaving the dorsal types. The first is non-specific accumulation of dendrites in the lateral part of the antennal lobe with associated part of the lateral horn largely uninnervated (Figures 7I  versus 7H ). This phenotype was also rescued by expresglomerular organization defects. This phenotype is analogous to the non-specific accumulation of adPN dension of a UAS-Acj6 transgene ( Figure 7J) . We conclude that Acj6 regulation of axon terminal arborization is not drites in the dorsal part of the antennal lobe in acj6 
